Eastern gamagrass [Tripsacum dactyloides (L.) L.], is a perennial warm-season bunchgrass with high forage potential if properly managed. Low seed production is one factor that has limited wide spread use of this native grass. A recessive gynomonoecious sex form (GSF) mutation previously found in a wild population has the potential to increase seed production, although it may also be linked to other deleterious traits. Allele specific primers were designed to detect the wild-type (GSF) and mutant (gsf ) allele. Primers were successful at confirming the genotype of an assortment of plants tested using template DNA from a high-throughput extraction protocol. A tissue-pooling strategy enabled detection of the mutant allele when present in a predominantly wild-type background. The low cost, lack of toxic waste, and speed of the DNA extraction protocol and the ability to efficiently genotype a large number of individuals makes this a practical tool in a breeding program working with the GSF trait.
E ASTERN GAMAGRASS is a perennial, warm-season bunchgrass native from Oklahoma and the Texas panhandle to the east coast. It has long been recognized as a highly productive and palatable forage grass (Rechenthin, 1951) that starts growth earlier in the spring than most warm-season grasses and produces good regrowth following defoliation. Characteristics of gamagrass that have limited its abundance and usefulness include low seed production, inferior seed quality, establishment difficulties, and lack of persistence under improper grazing management (Killebrew, 1878; Polk and Adcock, 1964; Ahring and Frank, 1968) .
A gynomonoecious sex form (GSF) mutant of eastern gamagrass was found in 1981 and differs from the wild type by conversion of previously male flowers to seed setting structures (Dewald and Dayton, 1985) . Subsequent genetic studies indicated that a single recessive allele conferred complete or nearly complete feminization to the male portions of the inflorescence (Dewald et al., 1987) and has the potential to increase seed production 10-to 20-fold (Jackson et al., 1992) . However, seeds produced from GSF plants are smaller, fewer seeds germinate, fewer seedlings survive, and these are smaller than seedlings from normal plants (Jackson et al., 1992) . The original GSF plant is an unthrifty, disease susceptible plant, and later studies indicated the GSF trait was associated with increased susceptibility to anthracnose infection after being cross-bred into a variety of gamagrass genetic backgrounds (Kulakow et al., 1990) . Mapping (Blakey et al., 1994) and cloning (Li et al., 1997) studies concluded that the gsf allele is located on Tripsacum linkage group I and homoeologous to the maize ts2 allele. Sequence data revealed that the gsf mutant allele differed from the GSF wild-type allele by a 1.4-kb deletion in a portion of the open reading frame (Li et al., 1997) .
Eliminating or selecting for recessive traits is usually delayed or complicated by the fact that dominant alleles mask the recessive phenotype. Progeny tests, requiring an additional breeding generation, are usually required to identify heterozygous (GSF/gsf ) individuals carrying a recessive allele. Whether the breeding goal is to incorporate the GSF trait while developing higher seed yielding cultivars, perennial grain type cultivars or to select in the other direction to completely eliminate the mutant allele from breeding material, the ability to quickly genotype individuals for wild-type and mutant alleles would result in an efficient breeding tool.
In addition to allele specific PCR primers, a large scale (. 100 individuals), rapid, and efficient DNA extraction method that yields PCR quality DNA is necessary for practical use of this technology in a plant breeding program. Li et al. (1997) submitted the sequence for the alleles to GenBank and indicated that the mutant allele could be detected via PCR although methods or results were not shown. The objectives of this study were to develop PCR primers specific for the wild-type (GSF ) and mutant (gsf ) alleles and to test their effectiveness using a modified high-throughput DNA extraction protocol (Xin et al., 2003) on an assortment of gamagrass genotypes.
MATERIALS AND METHODS
The sequence data for the mutant (gsf) and wild-type (GSF) alleles were obtained from the GenBank database (accession nos. U89270 and U89271). Primers were designed using Primer3 software (Rozen and Skaletsky, 2000) . Primer selection parameters included a Tm of approximately 65jC and a product size between 200 and 400 bp. Since the gsf allele contains a 1.4-kb deletion, gsf specific primers were designed that flank the left and right side of the deletion. Wild-type specific primers were designed such that the forward primer is upstream from the deletion and the reverse primer is located in the deleted region. Seven primers were selected by Primer3 software which resulted in three sets that were designed to amplify the mutant allele and two sets for the wild-type allele. After initial testing at various annealing temperatures (Tm 55-65jC), a single mutant (LOD3 59 GTC CGG GTC AAC TGC GTC T 39; ROD2 59 TTG ACC ATT CTA ACT CAA CTT GTA CGG 39) and wild-type (LOD2 59 CCT ACA CCG CCT CCA AGC AC 3; WTR2 59GCC ATG GGA ATG GGA TAT TGG 39) primer set were selected for further testing. The mutant (gsf ) specific primers are expected to amplify a 358-bp fragment and possibly a 1758-bp fragment if the wild-type allele is also present, although the 358-bp fragment is expected to preferentially amplify with the PCR cycling conditions used. The wild-type (GSF) specific primers are expected to amplify a 417-bp fragment.
Plant material screened included eight gamagrass accessions (Table 1) , which were obtained from field plots located at the USDA-ARS Southern Plains Range Research Station, Woodward, OK. Plants were transferred to the greenhouse and evaluated for inflorescence phenotype. WW2627 (PI# 591482) (Salon and Pardee, 1996; Salon and Earle, 1998) , an induced tetraploid, homozygous recessive plant (gsf/gsf/gsf/gsf ), was originally obtained from the field; however, after preliminary PCR results indicated it contained a wild-type allele, a new clone was obtained from Paul Salon. Putative genotypes of all accessions were based on phenotype or pedigree-collection information. DNA extraction was performed with a tender young leaf that was cut into approximately 5 to 10 2-mm 2 pieces. Tissue was placed in a 0.5-mL centrifuge tube and 100 mL 100 mM NaOH was added to each sample, ensuring that all tissue was submerged, and incubated in a PCR machine at 95jC for 5 min. Samples were frozen (280jC for 10 min or 220jC for 30-40 min), thawed at room temperature, and 100 mL 100 mM HCL in 1 3 TE was added to each sample. Samples were pulse centrifuged and incubated at 70jC for 15 min. Samples were used immediately or frozen at 220jC for later use. Leaf samples from 10 plants of known genotype were pooled before DNA extraction to determine if primers could detect alleles in bulked samples. Pools included 9 wild type: 1 mutant, all mutant, all wild type, and 1 wild type: 9 mutant. The total PCR volume was 10 mL containing 1 mL 103 buffer containing 1.5 mM MgCl 2 from Qiagen (Valencia, CA, USA), 2 mL DNA template, 0.2 mM each dATP, dCTP, dGTP, and dTTP, 1 mM each forward and reverse primer, 0.1% (v/v) BSA from New England Biolabs (Beverly MA, USA) 1003 stock used for restriction digests, 1% (w/v) polyvinylpyrrolidone (PVP-40) and 1 U Hot-Star Taq DNA polymerase (Qiagen). PCR was performed in a PTC100 or PTC200 thermal cycler (MJ Research, Waltham, MA, USA). The initial step of 95jC for 15 min was followed by 35 cycles of 94jC for 1 min, 65jC (wild type) or 64jC (mutant) for 1 min, and 72jC for 1 min 30 s, and a final cycle at 72jC for 5 min. PCR products were analyzed by electrophoresis on a 2% (w/v) low EEO agarose gel (Fisher Scientific, Fairlawn, NJ) in 13 TAE stained with ethidium bromide, digitally photographed, and converted to a negative image.
RESULTS
DNA extraction by this method was rapid and reliable for PCR analysis. Without the need for liquid nitrogen or grinding, many samples could be processed at one time. The reagents are cost effective and the process produces no toxic waste. The volumes of buffer used and amount of tissue can be adjusted to enable samples to fit in 96 well plates. Using individual capped 0.5-mL tubes, reduced the chance of cross contamination when accessing samples. In some cases, band intensity was reduced after repeated thawing of samples and long term frozen storage. For example, all the samples in figure one except ''mix'' were extracted and used immediately or after a single freezing storage (,3 d). The mixed sample was thawed a few times over a 5-mo period before the PCR reactions in figure one. The first time ''mix'' was used it produced bands with similar intensity to the other samples in figure one.
Using a Tm of 65 and 64jC for the wild-type and mutant primers respectively, allele amplification was successful in all genotypes screened (Fig. 1) . In all cases except WW1842, the PCR primer screen was accurate at confirming the putative genotype. WW1842 (Dewald and Kindiger, 1994) , a tetraploid apomict, was thought to possess either a (gsf/gsf/GSF/GSF ) or (gsf/GSF/GSF/ GSF) genotype. In the greenhouse, the plant expresses the GSF trait, although a few male flowers sometime form at the apex. The PCR screen did not detect the presence of a wild-type (GSF ) allele. Cytogenetic, molecular, or flow cytometry methods will likely be required to determine if the current WW1842 is tetraploid and apomictic. The leaf pooling strategy was effective in three of the four pools tested. The gsf allele was detected in a predominantly GSF background (9 GSF/GSF: 1 gsf/gsf; Fig. 1 ''mix''). All GSF and gsf bulks were correctly identified although the wild-type (GSF) allele was not detected in the 9:1 (mutant: wild type) mix (not shown). 
DISCUSSION
By using the high-throughput DNA extraction method along with allele specific primers, practical large-scale screening for either allele can be accomplished in an eastern gamagrass breeding program. The DNA extraction buffers used here were stable for months at room temperature and nothing had to be added fresh. In populations where the frequency of the mutant allele is low, pooling samples before DNA extraction would result in an efficient first stage screen to locate groups that still possess the mutant allele. On the basis of the results with WW2627 and WW1842 obtained from Woodward, OK, the system is also effective at indicating potential contaminants if the expected genotype is known. The original WW2627 that indicated the presence of a wildtype allele did not express the mutant phenotype in the greenhouse. Other potential uses of this screening method could include pollen-gene flow studies in which the mutant allele would be included in 50% of the pollen shed from (GSF/gsf ) individuals and detected in progeny from wild-type (GSF/GSF ) plants at different locations.
